Introduction: In posterior urethroplasty, exposure of the proximal urethral stump is the most important step that determines surgical outcome. However, this is sometimes difficult due to deviation of the prostate or overlying scar tissue. We present a novel preoperative simulation and intraoperative navigation method for this step. Case presentation: Three patients underwent excision and primary anastomosis for posterior urethral disruption after pelvic fracture. Preoperatively, volume-rendering image of the posterior urethra was constructed from gadolinium-enhanced magnetic resonance image, enabling simulation from the viewpoint of the operator in all three cases. Intraoperative navigation was performed in two patients by using transrectal ultrasound, visualizing the acoustic shadow of a cystoscope inserted into the prostatic urethra via the cystostomy tract. The overlying scar tissue was removed toward the urethral stumps identified by navigation. Urethroplasty was successful in all three patients. Conclusion: The present methods were useful for precise identification of the proximal urethral stump.
Introduction
In transperineal reconstruction of the posterior urethra, exposure of the proximal urethral stump is the most important step that determines surgical success. 1, 2 To access the stump, scar tissue is removed under the guidance of the cystoscope light in the proximal urethra. If the light is invisible, approximate location of the stump is identified by palpation of a metal bougie inserted via the cystostomy tract. However, this step is sometimes difficult when the prostate is deviated due to trauma, or massive scarring is present, and blind palpation has risk of false passage. When the proximal stump can hardly be identified, some authors recommend a more invasive abdomino-perineal reconstruction. 1 To overcome this problem, we developed a preoperative simulation method by using a VR image produced from MRI combined with an intraoperative navigation method guided by TRUS. We tested the utility of the methods in three cases of posterior urethroplasty.
Case presentation
Three male patients underwent EPA for membranous urethral disruption due to pelvic fracture. The profile of the patients are summarized in Table 1 . The Institutional Review Board approved the study. The patients submitted written informed consent for publishing the clinical image.
For preoperative simulation, the VR image of the urethra was constructed from thin-slice gadolinium-enhanced MRI to visualize the healthy urethral mucosa. The VR image in sagittal view corresponded to standard combined cystourethrogram with additional information of scar tissue in various 3-dimensional views (Fig. 1a,b) . The VR images in transverse view were similar to the surgical view from the operator and enabled preoperative simulation in all three cases (Fig. 2) .
Intraoperatively, after the bulbus was isolated, the cystoscope was inserted via the cystostomy tract for light guidance. Intraoperative TRUS was performed to locate the proximal stump if the stump could not be visualized with the cystoscope light alone due to deviation of the prostate or scarring.
Case 1 was a 48-year-old otherwise healthy man. He was buried in the ground while working on plumbing, and had bilateral pubic bone fracture. Case 2 was a 53-year-old man. He fell from a 2-m high position to the ground, and had a bone fracture in the pelvis and left femur. In both cases, patients were referred to our hospital after a suprapubic cystostomy tube was inserted, and underwent EPA 5 months after the injury. In these two cases, the stump could not be visualized after the transection of the bulbus by the light of a flexible cystoscope in the prostatic urethra, due to deviation of the prostate and scarring. However, intraoperative TRUS could locate the proximal stump by visualizing the acoustic shadow of the cystoscope (Fig. 3a) . An 18-G needle was inserted under ultrasound and cystoscope guidance to the prostatic urethra past the stump, and the scar was removed toward the direction of the needle (Fig. 3b) .
Case 3 was a 62-year-old man. He was run over by a feast parade float (called 'Danjiri' in Japanese) and had a pelvic fracture. He underwent EPA 5 months after the injury. In this case, the proximal stump was easily found after transection of bulbus without a need for further TRUS navigation.
The time needed for the exposure of the proximal stump, from transection of bulbus to initiation of anastomosis, was 47, 50, and 27 min in Cases 1, 2, and 3, respectively. The first two cases needed longer time than Case 3 for identification of the invisible stump, and TRUS guidance seemed to minimize unnecessary hesitation at this step.
All three patients are currently able to void without incontinence. In all cases, flexible cystoscope could be passed through the anastomosis 3 months postoperatively.
The patient in Case 1 experienced erectile dysfunction after the pelvic fracture, which temporarily worsened after urethroplasty, but he is still recovering. The other two patients had erectile dysfunction before the injury and did not complain. No other complication was noted.
Discussion
The present method consists of two novel components, MRIbased VR simulation and TRUS guidance. To the best of our knowledge, reconstruction of the VR image from MRI as reported here is the first report in literature. Enhancement of the urethra was usually stronger than the scar, enabling construction of 3D image. However, enhanced image alone could not completely differentiate between scar tissue and healthy urethra, and we may not be able to omit combined cystourethrogram yet. Rather, the strongest merit of VR image is that it provides more 3D information than does a cystourethrogram, because it can be processed from various view angles. In urology, VR imaging has been used to visualize renal tumors and reportedly has the advantages of greater ease of execution and a time saving of almost 50% compared with axial images. 3 TRUS is a familiar tool for urologists in prostate biopsy. Ukimura reported the utility of TRUS for intraoperative navigation in laparoscopic prostatectomy and for the identification of the vesicoprostatic junction and rectum. 4 In our method, we visualized the invisible prostatic urethra from the perineal side and marked the stump by an 18-G needle in a maneuver identical to that performed during a transperineal biopsy. It seemed to have greatly facilitated dissection for exposing the proximal stump, which otherwise may have been attained by palpation of bougie, requiring experience-based expertise. The dissection was carried out toward the rectum without fear of injury.
Either component of our method, VR image and TRUS guidance was novel and useful by itself, and their combination could create a reliable guidance method when the proximal stump cannot be easily identified. In the future, we can also expect further improvements in these methods such as presentation of merged images, similar to that used in MRI/ TRUS-guided prostate biopsy. 5 Though we reported here feasibility of the system, it may be difficult to assess the impact of navigation until further accumulation of cases. We should also note that the usefulness and need of the navigation system might depend upon the experiences of individual surgeons, though we could predict that it may remain a viable option for inexperienced surgeons.
Conclusion
The present method enabling precise visualization of the proximal stump could be an useful tool for posterior urethral reconstruction.
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